Fire Risk and Failure Mechanism of Copper Wire under Overcurrent Fault Condition  by Gao, Ao et al.
 Procedia Engineering  52 ( 2013 )  119 – 123 
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of School of Engineering of Sun Yat-sen University
doi: 10.1016/j.proeng.2013.02.115 
Fire Risk and Failure Mechanism of Copper Wire under Overcurrent 
Fault Condition 
GAO Aoa,b,*, ZHAO Chang-zhenga,b, XU Fanga,b, DI Mana,b, GAO Weia,b, QI Zi-boa,b 
aShenyang Fire Research Institute of Ministry of Public Security, Shenyang 110034, China 
bKey Laboratory of Fire Scene Investigation and Evidence Identification, Ministry of Public Security, Shenyang 110034, China 
Abstract 
This paper describes the overcurrent tests that were conducted on a copper wire used in ordinary life in China (AC 220V). 
These tests were conducted to evaluate the fire potential that may result from overcurrent faults. Results of these tests 
showed that the typical appearances of overcurrent fault could be divided into three steps, i.e. smoking, redness and 
breakdown etc. It also showed that the beginning time of smoking, redness and breakdown decreased as the power of the 
electrical applications increasing. After a person can find the overcurrent fault by seeing the smoke formed by the  eroding 
of the insulation, a fire may begin in 4s to 7s.   
© 2012 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Overcurrent is a situation where a larger than intended electric current exists through a conductor, in excess of the safety 
rating of the ampacity of a conductor or equipment, leading to excessive generation of heat. Possible causes for overcurrent 
include short circuits, excessive load, and incorrect design. Fuses, circuit breakers, temperature sensors and current limiters 
are commonly used to control the risks of overcurrent. However, it is not uncommon that fuses or circuit breakers either fail 
to operate or do not operate until the current flowing through a circuit in which the current intensity is several times the 
rated maximum value. The internal temperature rise will be due to resistive heating of the conductor caused by a current 
overload incident. If the magnitude and direction of the overcurrent is sufficient to heat the wire to a temperature that ignites 
surrounding combustibles, the overcurrent would cause a fire. The latest statistics of the China fire services, available for 
2003-2010 [1-4] are that the proportion of electrical fire is the highest in all fire disasters in China. Overcurrent is one of the 
main causes of household electrical fires.  
The temperature will be elevated in the conductor to a level below that necessary to cause any form of pyrolysis or 
combustion under mild overload conditions. If continued for long periods of time, these conditions can lead to premature 
ageing and subsequent failure of the wire insulation. However, at the other end of the scale, there are extreme overload 
conditions that can lead to melting of the conductor. Over time, the heat generated by the high resistance and high current 
passing through the connection ignites the surrounding organic materials, are likely to result. That is extremely dangerous to 
the health and life of people. In order to investigate the harmful of the overcurrent, the process of overcurrent in a copper 
wire with 1 mm2 is simulated in the laboratory. 
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2. Experiments 
Ordinarily, the wire or cable is composed of conductor (copper or aluminium) and insulation. Copper and PVC are the 
most widely used material in cable and wire industries. The producing process of finished copper wire or cable is 
complicated, including a number of processing steps that begin with processing the copper ore. The first step in processing 
the ore results in a product that is at least 99.5 percent copper. The processed ore is cast into ingots. These are used as 
anodes and elecrolytically refined. In the process, the copper is transferred onto cathodes, which results in a product that is 
at least 99.95 percent pure copper. These copper cathodes are the terminal product of the copper-producing companies. The 
copper cathodes are melted and cast into wire bars followed by hot rolling into copper wire rod. Then, wire rod is cold 
drawn through a series of dies until it is reduced to the proper diameter. During the drawing process, cold working 
introduces stresses and an elongation of the crystal grain structure. Table 1 lists the properties of pure copper. Table 2 lists 
the properties of PVC. 
Table 1.  Data on Copper 
Item Parameter 
Atomic # 29 
Melting point 1083  
Boiling point 2595  
Density 8.96 g/cm 
 
Table 2.  Data on PVC 
Item Parameter 
Heat capacity 0.9kJ/(kg K) 
Vitrification point 87  
Melting point 212  
Density 1.38 g/cm 
 
In this study, new flexible PVC-coated copper cord (single-strand, allowable current: 20 A at 25 ºC, diameter is 1 mm2 [5]) 
obtained commercially was used as sample wire. An experimental station aimed to form different current intensity in the 
wire was constructed. Figure 1 is the schematic illustration of the experimental circuit. A single electrical circuit, composed 
of power source (AC 220 V), a switch, sample copper wire, electrical applications (power adjustable) and current probe, 
was wired in the experimental station.  
 
Fig. 1 Experimental circuit 
The PVC-coated copper wires were cut into several sections with about 30 cm long followed removing the insulations at 
both ends. Then, the sample wire was fastened into the experiment circuit. The diameter of other cables (seen in Fig. 2(a)) in 
the circuit were much larger than the sample wire. Aimed to adjust the current flow in the sample wire, we changed the 
power of the electrical applications, until the overcurrent occurred in the sample wire, followed writing down the beginning 
time of different typical status in the overcurrent accident. Overcurrent experiments of the sample wires were started at 14 
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kw (power of the electrical applications) and increased in 2 kw steps to a maximum of 18 kw. This scale was previously 
selected by a process of elimination. 14 kw had proved to be the lowest power to make the sample break in 3 minutes. At 
the other end of the scale, 18 kw proved to be the highest applied power to make the smoke of the sample analyzable, and 
therefore no experiment was carried out above 18 kw.  
3. Results and Discussion 
A current is the amount of electricity running through a conductor. All wires have a recommended current strength and a 
maximum current strength. The recommended current refers to the ideal amount of current needed for efficient operation. 
The maximum current is the maximum amount of current that still allows for safe operation (anything in excess is an 
overcurrent). In the experiments, the typical status of the sample wire could be divided in 3 styles, including smoking, 
redness and breakdown in the whole process of the overloading, as shown in Fig. 2. In Fig. 2 (a), we can see that the red 
wire is the sample wire, and the yellow cable is the cable in the circuit. At the beginning, the smoke was produced by the 
resistance heating effect on the wire. After that, some of the insulation on the overheated wire damaged, and then red light 
gave out in the breakages (Fig.2b). At last, the breakdown of the sample wire happened (Fig.2c). 
 
(a) 
 
(b) 
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(c) 
   Fig. 2 Status of the sample wires under an overcurrent condition. (a) smoking, (b) redness, (c) breakdown 
Since intrinsically polymer was a rigid material and wire insulation must be flexible, When PVC was used as wire 
insulation, it was not a pure polymer. Wickson [6] indicates that typical wire formulations contains 52-63 percent  polymer 
resin, 25-29 percent plasticizer, around 16 percent filler, 2-4 percent stabilizer, 0.2-0.3 percent wax, and small amounts of 
lubricants and colorants, occasionally an FR plasticizer is typically either a phthalate or a trimellitate. 
 
 
 
 
    
Fig. 3 Dehydrochlorination-the initial step in the thermal degradation of PVC 
In commercial PVC insulation, the amount of pure polrvinyl chloride is 50-60 percent, close to 50 percent of the mass 
may comprise various additives. These additives, especially stabilizers, can be expected to have an effect on the degradation 
of the material. Thermal degradation of pure polrvinyl chloride is a two-stage process. As shown in Fig. 3, when the 
temperature of pure polrvinyl chloride was raised above ambient, the initial mechanism was dehydrochlorination, whereby 
HCl molecules were released, and a polyunsaturated material wass left which was sometimes referred to as polyacetylene. 
The second-stage took place over about 350-500 , and was considered to involve several parallel reactions. These included 
polyenyl macroradical production, dehydrocyclization, aromatization, and chain scission. At the end of the process, a cross-
linked, charred, multihole residue remains. In our work, although understanding and modelling the thermal degradation of 
the commercial PVC was complicated, we could see that PVC wire insulations can be damaged easily at elevated 
temperature. The damages of the sample wire from an overcurrent fault can vary from superficial pyrolysis or charring to 
complete destruction.  
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Fig. 4 Variations of the smoking, redness and breakdown time when the sample wire treated under different overcurrent conditions. 
The measurenment results of time variations of three typical status i.e. smoking, redness and breakdown when the sample 
wire treated under different overcurrent conditions were shown in Fig. 4. It can be seen that the beginning time of smoking, 
redness and breakdown decreased as the power of the electrical applications increasing, and the shortest time reached to 5s, 
9s and 12s, respectively (power of the electrical applications was 18 kw). In another word, after a person can find the 
overcurrent fault by seeing the smoke formed by the eroding of the insulation, a fire may begin in 4s to 7s.  If the current I is 
driven through the wire, a thermal power of Q = I2R is created over a very small volume of current carrying material. This 
will ignite the combustibles near the wire soon. Here we arrive at one of the problems with overcurrent fires: By the time a 
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person see smoke coming out of  his electric wire, a fire has most likely begun. In a minute, it will be spreading out of sight 
within your walls. Even worse, overcurrent fires can be particularly tricky to put out. Since they involve electricity, using 
water to put out the fire can cause electrocution. Chemical powders can cause the fire to smolder then reignite. If you notice 
an electrical fire, you should turn off your power and leave your house.  
4. 4 Conclusions 
The pyrogenic decomposition of a PVC-coated copper wire with diameter 1 mm2 under overcurrent fault condition was 
studied. The destruction of the copper wire could be divided into three steps, which were smoking, redness and breakdown. 
The beginning of smoking, redness and breakdown time decreased as the power of the electrical applications increasing.  
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